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S IR :

The present proposal for an advanced television (ATV)
service is being filed directly with the Commission, because (1)
it was excluded from the Third Interim Report of the Advisory
Committee on ATV Service dated March 21, 1990, notwithstanding
its receipt by that committee last December, and (2) in his
public statement of the same date, Chairman Sikes related the
Commission's desire to be apprised of any new advanced television
developments.

Carole Broadcasting Technologies, Inc. is a New York
corporation founded by the undersigned, after filing of a patent
application disclosing a compatible and spectrum efficient HDTV
system. The patent has since issued as No. 4,905,084 on February
27, 1990. A copy is included with this submission.

The patented system attempts to meet Commission
guidelines for new ATV systems as announced by Notice of Inquiry
(NOI) FCC 88-288. 1Important issues raised by the NOI are
addressed in the introductory portion of the patent.

The system is a "simulcast" one, with NTSC compatible
and high definition (1050-line) broadcasting of a given program
occurring simultaneously from a common transmitting site on the
same six-megahertz wide NTSC channel. No augmentation signal is
required for transmission and display of a 1050-1line image frame.

A written proposal for the subject system was received
for consideration by the FCC Advisory Committee on Advanced
Television Service on December 8, 1989.
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Soon after receipt of this proposal by the Advisory
Committee, we were informed that (i) all available testing slots
were reserved, and (ii) because of the unique approach taken by
the proposed system, the test facility set up by the Committee is
not capable of evaluating the system even if a testing slot later
becomes available. For those systems accepted for testing by the
Committee, a $200,000 fee is required from the proponent.

Further, on the basis of "an admittedly quick review",
the Committee unduly prejudiced our proposal by speculating over
potential difficulties that might be encountered while
broadcasting under certain terrestrial conditions. But isn't the
entire purpose of this program to allow all proponents a fair,
unbiased opportunity to meet any such problems, if in fact they
do exist, and then to demonstrate a workable system?

Other questions are also now raised, namely,

(1) Why was no mention made of our proposed system in
the Third Interim Report adopted by the Advisory Committee on
March 21, 1990, even though the Committee was fully informed of
it last December?

(2) Why should any newly proposed ATV system be shunted
from the attention of the Commission only because its approach
was not contemplated by the Advisory Committee?

(3) Does the Commission's present advanced television
program preclude participation by independent inventors and small
firms by the imposition of high testing fees, restricted
schedules, and predetermined standards and constraints?

It is respectfully submitted that the Commission should
continue with a more direct involvement with submissions of ATV
proponent systems. FCC Chairman Sikes' statement of March 21st
reflects the Commission's desire to be fully apprised of any new
advanced television developments, and the possibility that it may
on its own, test new proposed systems at the Commission's
laboratory.
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We do not presently have the resources necessary to
gather the hardware and obtain critical test data for our system.
Therefore, we are now in the process of seeking out interested
parties who may wish to demonstrate the workability of the system
and its potential as an ATV standard in the United States. The
exclusion of our system by the Advisory Committee has made the
task of obtaining the necessary promotion and backing for our
system virtually impossible.

In view of the foregoing circumstances, we wish to make
our proposal known directly to the Commission at this time.

Further, we respectfully request an acknowledgement
from the Commission that it will fairly consider any and all ATV
system evaluation data, even if provided from sources other than
the Advisory Committee.

The presently proposed system is one that may permit a
high definition television service to begin in the United States
without the need for extensive regulatory action. It aims to
meet current FCC guidelines by providing compatibility with
existing television receivers, and without the need for new
spectrum allocations. Yet, it is amenable to an "open
architecture™ construction that will accommodate additional
signal processing hardware now or in the future. Consumer costs
may also be maintained at affordable levels.

A technical summary of the patented system is provided
on the following two pages.

Respectfully submitted,

Leo Zucker, President

Carole Broadcasting Technologies, Inc.
50 Main Street

White Plains, New York 10606

(914) 761-7799

enc. - five copies w/attachment
cc: Hon. Alfred C. Sikes, Chairman

David R. Siddall, Senior Attorney
Thomas P. Stanley, Chief Engineer
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ATV Proposal of Carole Broadcasting Technologies, Inc.

(U.S. Patent 4,905,084)

The Carole Broadcasting proposal incorporates the
concept of frequency reuse, a technology employed in
communications satellite links where spectrum allocations are at
a premium. The concept involves radiating two carrier wave
signals of the same frequency from a pair of mutually
orthogonally polarized transmitting antennas. For example, one
antenna can be right-hand circularly polarized, while the other
is left-hand circularly polarized. Correspondingly polarized
receiving antennas will discriminate between the two signals even
though they are radiated with the same carrier frequency.

In the broadcasting system shown in Fig. 1 of the
patent, each carrier wave signal is modulated with a standard
NTSC 525-1line interlaced image frame. The image lines modulated
on one of the signals correspond to the odd numbered lines of a
high resolution 1050 line image frame, while the image lines
modulated on the other signal correspond to the even numbered
lines of the 1050 line frame.

Because of the timing and sequence with which the odd
and the even numbered image lines are radiated from the
transmitting site antennas, a conventional TV receiver will
nonetheless reproduce a standard resolution 525-1line image,
regardless of the orientation of its antenna.

The high definition TV receiving system shown in Fig. 4
of the patent includes a pair of mutually orthogonally polarized
antennas that match the polarizations of the transmitting site
antennas. The image lines modulated on the two carrier wave
signals are separately detected and provided at the proper
timings to a high definition picture tube for display of the full
1050 line high resolution image frame. The basic HDTV receiver
would be relatively inexpensive to produce.
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It is possible that when the two carrier wave signals
are radiated over ground from the transmitter site, rather than
from a satellite, the radiated signals may not retain their
initial polarizations by the time they reach the receiving
location because of intervening ground structures. Of course,
whether or not such wave "depolarization" proves a serious
problem cannot be Kknown until the system is fully tested and
various techniques are applied to overcome any such problems, as
is normal procedure in the development of any new system.

Further, by radiating the two carrier waves with a
fixed 90 degree RF phase shift from the transmitting site,
synchronous detection may be incorporated in the front ends of
the tuner/demodulator systems 110, 112 of receiving system 100
(Fig. 4) so as to enhance discrimination of the image lines
modulated on the two carrier waves.

To enable phase synchronization of the front ends of
high definition receivers with the two transmitted carrier waves,
the RF amplifiers Y46, 48 (Fig. 1) can be alternatingly keyed
on/off over designated lines of the vertical blanking interval.
For example, if during the time for transmission of blanking scan
lines 11 and 12 only amplifier 46 is keyed on, tuner/demodulator
110 can be phase synchronized with the RF carrier wave
originating from amplifier 46 during a counted timing for the
lines 11 and 12. Moreover, the horizontal sync pulses H may be
transmitted via only one of the two carrier waves at a time, so
as to enable carrier phase synchronization during transmission of
an entire image frame.

In NTSC non-compatible applications, it may not be
necessary to maintain more than several dB power level difference
between the received carrier waves such as, for example, if the
transmitted information is frequency modulated, or amplitude
modulated in digital form. In either case, conventional
threshold detection circuitry in the two separate tuner/
demodulator systems of the HDTV receiver can capture the
information modulated on the higher level received carrier wave.

- end -
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[57) ABSTRACT

High definition television (HDTV) signals are broad-
cast in a manner to be compatible with television receiv-
ers that operate to reproduce standard definition im-
ages, and the broadcast HDTYV signals are contained
within an existing frequency band in the electromag-
netic spectrum allocated for transmission of the stan-
dard definition images. An image to be broadcast is
scanned with a high definition camera capable of pro-
ducing an image frame of N lines of resolution, wherein
N is equal to about twice the line resolution of a stan-
dard definition image frame. The camera produces N/2
odd line image signals and N/2 even line image signals
for each image frame. The odd line signals are modu-
lated on a radio frequency (RF) carrier wave to pro-
duce HDTYV odd line image signals occupying at most
the same frequency band in the electromagnetic spec-
trum as occupied by standard definition images. The
even line signals are modulated on a RF carrier wave
signal to produce HDTV even line image signals that
occupy at most the same frequency band. The HDTV
odd line image signals are radiated from a first transmit-
ting antenna to produce first radiated waves of a first
polarization, and the HDTV even line image signals are
radiated from a second transmitting antenna to produce
second radiated waves of a second polarization mutu-
ally orthogonal with the first polarization. Reception of
HDTYV images is carried out with mutually orthogo-
nally polarized antennas matched to the first and the
second radiated waves.

27 Claims, 4 Drawing Sheets
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1

COMPATIBLE AND SPECTRUM EFFICIENT
HIGH DEFINITION TELEVISION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to advanced television
(ATV) systems; and particularly to a terrestrial high
definition television (HDTV) broadcast system and
method utilizing properties of radiated electromagnetic
waves and antenna technology to ensure compatibility
with existing television receivers, and without addi-
tional frequency spectrum allocations.

2. Discussion of the Known Art

A. Current ATV Regulation Policy

On Sep. 1, 1988, the Federal Communications Com-
mission (FCC) released a Tentative Decision and Fur-
ther Notice of Inquiry (NOI), FCC 88-288, with respect
to an ongoing review of Advanced Television Systems
and Their Impact on the Existing Television Broadcast
Service (MM Docket No. 87-268). A summary of the
NOI is printed in the Federal Register of Oct. 3, 1988,
53 FR 38747-49. As described in the NOI, current state
of the art non-broadcast television techniques provide
picture resolution and color approaching that obtain-
able with 35 mm film.

The FCC determined that the public would benefit
from a terrestrial broadcast ATV service, but that most
systems currently proposed by industry had one or
more of the following disadvantages

1. Non-compatibility with existing color television
receivers manufactured according to the United States
30 frame per second, two-field interlaced scan, 525 line
NTSC (National Television System Committee) color
standard, adopted in 1953.

2. A requirement of more than six megahertz band-
width for transmission of the entire ATV signal, thus
exceeding the currently allocated terrestrial television
broadcast channel bandwidth if the proposed ATV
signal is modulated and broadcast on a radio frequency
carrier wave.

3. For those proposed ATV systems categorized as
compatible with existing receivers, picture resolution is
diminished when received on a standard television set,
and/or the quality of the picture when reproduced on a
“high definition” receiver is degraded during move-
ment of the televised image.

The FCC concluded that any broadcast standards for
a new ATV terrestrial service shall be such as to over-
come (1) and (2) above. That is, an approved system
will be one that is compatible with the many existing
color television receivers now in use in the United
States so as not to make them suddenly obsolete, and
one that will not require additional broadcast frequency
allocations to realize maximum picture definition.

The requirement that the existing broadcast televi-
sion frequency allocations be used for an ATV broad-
cast service, is dictated both from an administrative and
a technical point of view. First, any additional required
spectrum might be at the expense of another (non-
television) allocated service and would require lengthy
hearings to obtain. Second, the additional spectrum
might be so far removed in wavelength from existing
television channel frequencies on which the “compati-
ble” parts of ATV signals must be broadcast, that differ-

5

20

25

35

45

sS

65

2

ences in propagation characteristics would likely _cle-
grade, rather than enhance, the received picture quality.

B. Patented Compatible ATV Techniques

U.S. Pat. No. 4,521,803 issued June 4, 1985, discloses
a sysiem for compatible transmission of high-resolution
television. Basically, a high resolution (e.g., 1050 line)
television camera simultaneously produces signals cor-
responding to a pair of adjacent scanned lines of an
image. To provide a compatible 525 line picture for
reception by existing receivers, luminance and chromi-
nance signals for each scanned pair of adjacent lines are
additively combined and broadcast at the conventional
line frequency rate of about 15,750 lines per second.
The luminance signals for each adjacent line pair are
also subtracted from one another to produce difference
signals that modulate a carrier phased in quadrature
with the luminance carrier of the broadcast television
signal. Suitable decoding equipment in a “high defini-
tion” television receiver would derive luminance sig-
nals for each of the 1050 scanned lines by detecting and
processing the additively combined and difference sig-
nals, according to the patent.

Another compatible HDTV system utilizing a high-
resolution vidicon capable of 1050 line resolution, is
disclosed in U.S. Pat. No. 4,707,728 issued Nov. 17,
1987. According to the patent, a difference or “delta”
signal representative of fine picture detail is transmitted
during the vertical blanking interval, and a suitably
equipped receiver detects and combines the delta signal
with received limited bandwidth signals, to reproduce a
high-definition picture. Maximum definition is obtain-
able only for still images at the receiver, however, since
transmission of the delta signal is inhibited during
frame-to-frame motion of the televised image.

C. Principles of the Present Invention

As far as is known, no system or technique has been
proposed that utilizes physical properties of radiated
electromagnetic waves and antenna technology, to en-
able broadcasting of HDTV signals compatible with

-existing television receivers and confined within the

currently allocated spectrum for the terrestrial broad-
cast television service.

It is known generally that if mutually orthogonal
linearly polarized transverse electromagnetic (TEM)
waves, e.g., one horizontally polarized and the other
vertically polarized, are transmitted in free space at the
same frequency or wavelength, different information
modulated on each of the waves can be separately re-
ceived and demodulated by use of correspondingly
polarized receiving antennas. See M. Javid & P.M.
Brown, Field Analysis and Electromagnetics, at 294
(McGraw-Hill 1963).

R.C. Johnson and H. Jasik, in their Antenna Engi-
neering Handbook (McGraw-Hill 1984), point out (at
page 23-9) that “[flor any arbitrarily polarized antenna,
there can be another antenna polarized so that it will not
respond to the wave emanating from the first antenna.
The polarizations of the two are said to be orthogonal.”

Johnson and Jasik also disclose that the deployment
of an increasing number of communications satellites
has required use of the same frequency to communicate
with adjacent areas on the earth. To enable such *“fre-
quency reuse”, orthogonal polarizations are employed.
Orthogonal circularly polarized transmitting and re-
ceiving antenna pairs, when used for frequency reuse
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with communications satellites, are reported to provide
channel isolation in excess of 20 dB. Johnson & Jasik, at
234,

Current television transmission standards prescribed
by the FCC at 47 C.F.R. 73.682 (a)(14) call for horizon-
tal polarization as ‘“standard”, but allow circular or
elliptical polarization to be employed if desired. In the
latter case, the licensed effective radiated power (ERP)
of the vertically polarized component may not exceed
the licensed ERP of the horizontally polarized compo-
nent.

SUMMARY OF THE INVENTION

An object of the invention is to overcome the above
and other disadvantages in the HDTV systems pro-
posed thus far.

Other objects of the presently disclosed HDTV sys-
tem and technique include:

1. Full compliance with the mandates of the NOI of
Sep. 1, 1988, with respect to a new terrestrial ATV
service.

2. Compatibility with all existing receivers manufac-
tured to receive broadcast television signals generated
in accordance with current transmission standards as
prescribed by the FCC at 47 C.F.R. 73.682, relevant
portions of which are incorporated by reference herein.

3. No need for special converters or other decoding
devices to be used with existing receivers, so as to per-
mit continuing reception of television programs when
broadcast with a HDTV signal according to the present
technique.

4. Little, if any, degradation in picture quality when a
HDTYV signal transmitted according to the present
technique is received and demodulated by the existing
receivers.

5. No requirement of increased channel bandwidth or
new spectrum allocations for implementation of the
present HDTV system.

6. A minimum number of new broadcast standards
that need be established, thus facilitating the regulatory
implementation of the present system.

7. An opportunity for certain technologies to ad-
vance and new manufacturing methods to evolve, as
components of the present system are produced to meet
commercial demands.

The present technique for broadcasting high defini-
tion television (HDTV) signals on a radio frequency
carrier wave, so that the broadcast HDTV signals are
compatible with television receivers that operate to
reproduce standard definition images, and the broadcast
HDTYV signals are contained within a frequency band
or channel in the electromagnetic spectrum allocated
for transmission of the standard definition images, in-
cludes the steps of:

(a) scanning an image to be broadcast with high defi-
nition television camera means capable of producing a
high definition image frame having a resolution of N
lines, wherein N is a positive number equal to about
twice the resolution of a standard definition image
frame;

(b) carrying out the scanning step (a) by scanning odd
and even lines of the image and producing correspond-
ing odd line image signals and even line image signals,
so that N/2 odd line image signals and N/2 even line
image signals are produced for each image frame;

(c) modulating the odd line image signals on a radio
frequency (RF) carrier wave signal to produce HDTV
odd line image signals occupying at most the same fre-
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quency band or channel in the electromagnetic spec-
trum as occupied by the standard definition images;
(d) modulating the even line image signals on a RF
carrier wave signal to produce HDTV even line image
signals that occupy at most said same frequency band;
(e) radiating the HDTV odd line image signals from
first transmitting antenna means to produce first radi-
ated electromagnetic waves of a first polarization; and
(D) radiating the HDTYV even line image signals from
second transmitting antenna means to produce second
radiated electromagnetic waves of a second polariza-
tion mutually orthogonal with the first polarization.
For a better understanding of the present invention,
together with other and further objects, reference is
made to the following description taken in conjunction
with the accompanying drawing, and the scope of the
invention will be pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 is a schematic block diagram of a HDTV
broadcasting system according to the invention;

FIG. 2 is a representation of a standard TV receiver
arranged to receive HDTV signals broadcast by the
system of FIG. 1,

FIG. 3 is a timing diagram showing a phase relation
between video signals broadcast simultaneously by the
system of FIG. 1;

FIG. 4 is a schematic block diagram of a HDTV
receiving system according to the invention;

FIG. § is a memory map showing addresses for stor-
age of odd image lines in a frame memory of the system
in FIG. 1;

FIG. 6 is a memory map showing addresses for stor-
age of even image lines in a frame memory of the system
in FIG. 1;

FIG. 7 is a memory map showing addresses for stor-
age of odd image lines in a frame memory of the system
in FIG. 4; and

FIG. 8 is a memory map showing addresses for stor-
age of even image lines in a frame memory of the system
in FIG. 4.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a schematic block diagram of a high defini-
tion television (HDTV) broadcasting system 10 accord-
ing to the invention.

Basically, system 10 includes a high definition camera
source 12 of the kind disclosed in, for example, U.S. Pat.
No. 4,521,803 issued June 4, 1985, or in U.S. Pat. No.
4,707,728 issued Nov. 17, 1987. Relevant portions of
both patents are incorporated by reference herein. Cam-
era source 12 includes a high-resolution color vidicon
capable of scanning about twice the number of horizon-
tal lines per image frame, than the number of lines
scanned in the current NTSC broadcasting system.
That is, camera source 12 is arranged to produce about
1050 horizontal lines of resolution for each image frame.

Through the use of a wobble-signal generator or
similar known techniques, a scanning electron beam in
the camera source 12 is caused to deviate periodically in
the vertical direction while scanning horizontally. The
frequency and amplitude of such deviation is set so that
luminance and chrominance information corresponding
to picture elements (pixels) of a pair of adjacent lines, is
generated simultaneously. That is, of the 1050 horizon-
tal lines scanned for each image frame, information for
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lines 1 and 2 is simultaneously generated first, then lines
3 and 4, lines 5 and 6, and so on through lines 1049 and
1050.

In the present system 10, information corresponding
to the odd line (line 1, line 3, line §, . . ., line 1049) of
each adjacent pair is converted to digital form by ana-
log-to-digital (A/D) converter stage 14, while the line
pair is scanned by the camera source 12. Information
corresponding to the even line (line 2, line 4, line 6, . . .
, line 1050) of each adjacent pair is converted to digital
form by A/D converter stage 16, while the line pair is
being scanned.

Camera source 12, A/D converter stages 14 and 16,
and other components of the system 10 are subject to
operational timing, synchronization, and control by
controller and timing circuitry 18,

Digital information corresponding to luminance and
chrominance values for a number of picture elements or
pixels along a given odd line, is input to odd line buffer
stage 20 when supplied from the output of A/D con-
verter 14, to be stored or latched temporarily in the
buffer 20. Likewise, digital information corresponding
to luminance and chrominance values for a number of
pixels along a given even line, is input to even line
buffer 22 stage as supplied from the output of A/D
converter 16, to be stored or latched temporarily in the
buffer 22. The odd and the even line buffer stages 20, 22
can be known line memory devices comprised of, e.g.,
serial shift registers.

Each odd line of video information lathed in the
buffer 20 is written into a selected line or row address of
odd frame memory stage 24. Similarly, each even line of
video information latched in the buffer 22 is written into
a selected line or row address of even frame memory
stage 26. Each of the odd and the even frame memory
stages 24, 26 may be comprised of one or more frame
memory or storage devices capable of storing lumi-
nance and chrominance information for a 525 line video
image, wherein a predetermined number of picture
elements or pixels define each line.

Writing of each odd line of information from the odd
line buffer 20 into selected row addresses of the odd
frame memory 24, is performed under the control of
read/write controller 28 and address select circuit 30
which, in turn, are subject to the control of controller
and timing circuitry 18. Writing of each even line of
information from the even line buffer 22 into selected
row addresses of the even frame memory 26, is accom-
plished through read/write controller 32 and address
select circuit 34 which, in turn, are also subject to con-
trol by the controller and timing circuitry 18.

An important feature of the present system resides in
the manner in which each odd line of video information
from odd line buffer 20 is first written into, and then
read out from, the odd frame memory 24; and the man-
ner in which each even line of video information from
even line buffer 22 is first written into, and then read out
from, the even frame memory 26.

Specifically, read/write controller 28 operates so that
as each odd line of video information is read out from
odd line buffer 20, it is written in odd frame memory 24
at a row address as shown in the memory map of FIG.
5. That is, for odd lines 1, 5, 9, 13, ..., 1049, the lines
are written in “first odd field” row addresses 001 to 263,
respectively. For odd lines 3, 7, 11, 15, ..., 1047, the
lines are written in “second odd field” row addresses
264 to 525, respectively, of the memory 24.
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Read/write controller 32 is operated such that as
each even line of video information is read out from
even line buffer 22, it is written in even frame memory
26 at a row address as shown in FIG. 6. Namely, for
even lines 2, 6, 10, 14, , .., 1050, the lines are written
into “first even field” row addresses 001 to 263, respec-
tively. For even lines 4, 8, 12, 16, ..., 1048, the lines are
written into corresponding “second even field” row
addresses 264 to 525 of frame memory 26.

By selectively reading out the lines of video informa-
tion as stored in the odd frame memory 24, an NTSC
compatible, interlaced 525 line video frame signal is
produced. Under the control of controller and timing
circuitry 18, the read/write controller 28 successively
selects row addresses 001, 002, 003, 004, . . ., 263 from
which the video information stored at each row address
is read out and input to D/A converter stage 36. Thus,
during a first field timing period, the stored “first odd
field” is converted into a conventional first field of a 525
video image frame comprised of all the odd image lines
scanned by the camera source 12. During a second field
timing period, read/write controller 28 successively
selects row addresses 264, 265, 266, 267, . . ., 525 of the
memory 24, from which video information stored at
each row address is read out and input to the D/A
converter stage 36. Accordingly, the stored ‘“‘second
odd field” is converted into a conventional second field
of the 525 odd line video image frame. The first add the
second fields output from D/A converter 36 are applied
to a TV modulator 38 which has a radio frequency
oscillator 40 that determines the broadcast carrier fre-
quency. TV modulator 38 combines horizontal (H) and
vertical (V) synchronization pulses at properly timed
intervals to the stream of analog signals output from
D/A converter 36. The H and the V pulses are pro-
duced by a sync generator 39 which is responsive to the
controller and timing circuitry 18. :

Further, by reading out lines of video information
stored in the even frame memory 26, an NTSC compati-
ble, interlaced 525 line video frame signal is produced
for broadcast. During a first field timing period, which
may coincide with the one mentioned above, read/-
write controller 32 successively selects row addresses
001, 002, 003, 004, . . ., 263 from which video informa-
tion stored at each row address is read out and input to
D/A converter stage 42. The stored “first even field” is
thus converted into a conventional first field of a 525
line video image frame comprised of all the even image
lines scanned by camera source 12. During a second
field timing period (which may also coincide with the
one above-mentioned), read/write controller 32 succes-
sively selects row addresses 264, 265, 266, 267, .. ., 525
of frame memory 26, from which video information
stored at each row address is read out and applied to
D/A converter stage 42. As a result, the stored “second
even field” is converted into a conventional second field
of the 525 even line video image frame. The first and
second fields output from D/A converter 42 are applied
to TV modulator 44 which is preferably of the same
construction as TV modulator 38, and derives its broad-
cast carrier frequency from the common RF oscillator
source 40. TV modulator 44 combines the H and the V
synchronization pulses produced by sync generator 39,
in correctly timed relation with the analog signals out-
put from D/A converter 42.

The output of TV modulator 38 drives RF amplifier
46, and the output of TV modulator 44 is supplied to
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drive RF amplifier 48. RF amplifiers 46 and 48 may be
conventional units, preferably of identical construction.

RF amplifier 46 is connected through transmission
line 50 to excite antenna 52, and RF amplifier 48 has its
output fed through transmission line 54 to drive antenna
56. Antennas 52 and 56 may have similar configurations
and gain, but must have mutually orthogonal polariza-
tions. For example, if antenna 52 is linearly horizontally
polarized, antenna 56 must be linearly vertically polar-
ized, or vice versa. Alternatively, antenna 52 can be
circularly or elliptically polarized in a first sense of
rotation, while antenna 56 is circularly or elliptically
polarized in a second sense of rotation opposite to the
first sense.

Antennas 52 and 56 can be located together at a com-
mon transmitting site, in which case it is preferred that
known techniques for minimizing inter-element cou-
pling between the two antennas 52, 56 be implemented.

A television signal broadcast from the antennas 52, 56
can, as shown in FIG. 2, be received and viewed with a
standard NTSC receiver 60. A receiving antenna 62 for
the receiver 60 should have a polarization correspond-
ing directly to one of the transmitting antennas 52, 56,
e.g., polarization A corresponding to transmitting an-
tenna 52. Alternatively, an orthogonally polarized re-
ceiving antenna 62’ having polarization B correspond-
ing to transmitting antenna 56, can be used for optimum
reception by the receiver 60.

Accordingly, when using receiving antenna 62, the
conventional NTSC receiver 60 will reproduce the
interlaced 525 “odd line” video image frames that are
output from the modulator 38, amplified by RF ampli-
fier 46 and radiated from antenna 52. With receiving
antenna 62', receiver 60 will reproduce the interlaced,
525 line “‘even line” video image frames that are output
from the modulator 44, amplified by RF amplifier 48
and radiated from antenna 56.

If the transmitting antennas 52, 56 are relatively
closely situated to one another, adjacent lines of the
NTSC video signals as modulated on the respective
transmitted RF carrier waves, can be propagated sub-
stantially in phase as represented in FIG. 3. Accord-
ingly, tips of corresponding horizontal synchronization
pulses will be detected at substantially the same times
(t1, tz, etc.) whether the receiver 60 responds to the
carrier waves transmitted from antenna 52 or those
broadcast from antenna 56. This feature of the system
10 recognizes the fact that under less than theoretically
ideal conditions, receiving antenna 62 (or 62" associ-
ated with the conventional receiver 60 will also respond
to some degree to orthogonally polarized waves propa-
gating from the transmitting antenna 56 (or 52). By
providing for the horizontal synchronization pulse tips
of both broadcast waves to be propagated substantially
in phase through space, synchronization puises modu-
lated on one of the orthogonally polarized waves will
not be separately detected by receiver 60 possibly to
interfere with detection of the video image lines modu-
lated on the other broadcast wave whose polarization is
matched by the receiving antenna 62.

FIG. 4 is a schematic block diagram of a HDTV
receiving system 100 according to the invention.

A dual polarization receiving antenna array includes
antennas 102 and 104. Antenna 102 is polarized to match
the polarization A of transmitting antenna 52, while
antenna 104 is of the orthogonal polarization B to match
that of transmitting antenna 56. Antennas 102, 104 can
be located relatively close to one another at a common
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receiving site. In such case, known decoupling tech-
niques should be employed to minimize interelement
coupling between the two antennas 102, 104.

Lead-in transmission lines or cables 106, 108 are con-
nected between the antennas 102, 104 and respective
tuner/demodulator systems 110, 112. The cables 106,
108 should be shielded or otherwise electrically isolated
from one another. Systems 110, 112 may each include
radio frequency (RF) amplifier, mixer, intermediate
frequency (IF) and video detector stages. A common
local oscillator stage 114 should be provided to ensure
common frequency tracking by both of the tuner/-
demodulator systems 110, 112.

Signals output from system 110 comprise the odd
lines of each 1050 line image scanned by camera source
12 of the transmitting system 10, as broadcast on a first
carrier wave of polarization A. The signals output from
system 112 comprise the even lines of each 1050 line
image scanned by the camera source 12, as broadcast on
a second carrier wave of polarization B but having the
same frequency as the first carrier wave. The signals
output from the tuner/demodulator systems 110, 112
may be in the form of separate luminance and chromi-
nance signals corresponding to the image lines detected
from each of the broadcast carrier waves.

After separation of the horizontal and vertical syn-
chronization pulses from the detected video signals by
sync separator 115, output signals from tuner/-
demodulator system 110 are input to A/D converter
stage 116, and the signals produced by system 112 are
input to A/D converter stage 118. A/D converter
stages 116, 118 and other processing components of the
receiving system 100 are subject to control by control-
ler and timing circuitry 120 which, in turn, includes
means for generating operational timing and clock sig-
nals that track the phase of the separated synchroniza-
tion pulses.

Successive ones of the demodulated odd line video
signals are output from A/D converter 116 and entered
for temporary storage in odd line buffer or latch 122.
Similarly, the demodulated even line video signals are
successively output from A/D converter 118 and held
in even line buffer 124. Buffers 122, 124 can be known
line memory devices.

Each odd line of video information latched in the
buffer 122 is written into a selected row address of odd
frame memory stage 126. Similarly, each even line of
video information latched in the buffer 124 is written
into a selected row address of even frame memory stage
128. The odd and the even frame memory stages 126,
128 each may include one or more frame memory or
storage devices capable of storing luminance and chro-
minance information for a 525 line video image,
wherein a predetermined number of picture elements or
pixels define each line.

Writing of each odd line of information from the odd
line buffer 122 into selected row addresses of the odd
frame memory 126, is performed under the control of
address select circuit 130 and read/write controller 132
which, in turn, are subject to the control of controller
and timing circuitry 120. Writing of each even line of
information from the even line buffer 124 into selected
row addresses of the even frame memory 128, is accom-
plished through write address select circuit 134 and
read/write controller 136 which, in turn, are also sub-
ject to control by the controller and timing circuitry
120.
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FIGS. 7 and 8 are memory maps representing address
storage locations in the frame memories 126, 128, re-
spectively.

Recall that the output of the tuner/demodulator sys-
tem 110 and, thus, the output of A/D converter 116,
corresponds to an interlaced 525-line video frame com-
prised of all odd lines of the 1030 lines scanned by cam-
era source 12 in the transmitting system 10. The line
number order of the video information signals output
from A/D converter 116 is, therefore, line 1, line 5, line
9, line 11, . . ., line 1049, which define the “first odd
field”. Next, signals representing lines 3, 7, 11, 15, ...,
1047, are produced from A/D converter 116. In order
to obtain all the odd lines of the 1050 lines scanned by
camera source 12 in successive order, read/write con-
troller 132 and address select circuit 130 operate to
write each line of video information as output from odd
line buffer 122 in row address locations of the odd frame
memory 126, according to the memory map of FIG. 7.

Specifically, during a first odd field time period,
video information corresponding to line 1 is written in
row address 001, line 5 in address 003, line 9 in address
005, . . . line 1049 in address 525. That is, during the first
odd field time period, the video line information is writ-
ten in successive odd row addresses of frame memory
126, as output from buffer 122.

During a second odd field time period, video infor-
mation corresponding to line 3 is written in row address
002, line 7 in address 004, line 11 in address 006, . . ., line
1047 in address 524. Accordingly, during the second
odd field time period, the video information is written in
successive even row addresses of frame memory 126, as
output from buffer 122.

The 525 line video information thus stored in odd
frame memory 126 forms, as shown in FIG. 7, consecu-
tive odd numbered lines of a 1050 line image frame to be
reproduced by the receiving system 100.

Likewise, it will be recalled that the output of the
tuner/demodulator system 112 and, thus, the output of
A/D converter 118, corresponds to an interlaced 525-
line video frame comprised of all even lines of the 1050
lines scanned by camera source 12 in the transmitting
system 10. The line number order of the video informa-
tion signais output from A/D converter 118 is, there-
fore, line 2, line 6, line 10, line 14, . . ., line 1050, which
define the “first even field”. Next, signals representing
lines 4, 8, 12, 16, ..., 1048, are produced from A/D
converter 118. In order to obtain all the even lines of the
1050 lines scanned by camera source 12 in successive
order, read/write controller 136 and address select
circuit 134 operate to write each line of video informa-
tion as output from even line buffer 124 in row address
locations of the odd frame memory 128, according to
the memory map of FIG. 8. )

Specifically, during a first odd field time period,
video information corresponding to line 2 is written in
row address 001, line 6 in address 003, line 10 in address
005, . . . line 1050 in address 525. That is, during the first
even field time period, the video line information is
written in successive odd row addresses of frame mem-
ory 128, as output from buffer 124.

During a second even field time period, video infor-
mation corresponding to line 4 is written in row address
002, line 8 in address 004, line-12 in address 006, . . ., line
1048 in address 524. Accordingly, during the second
even field time period, the video information is written
in successive even row addresses of frame memory 128,
as output from buffer 124.
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The 525 line video information thus stored in even
frame memory 128 defines, as shown in FIG. 8, consec-
utive even numbered lines of the 1050 line image frame
to be reproduced by the receiving system 100.

Reproduction of the 1050 line high definition image
by system 100 is then carried out as follows.

Row addresses of the odd frame memory 126 are
selected successively by address select circuit 130, in

the order 001, 002, 003, . . ., 525, and the stored line
information is read out and input to D/A converter
stage 140.

Row addresses of the even frame memory 126 are
selected successively by address select circuit 134, in

the order 001, 002, 003, . . ., 525, and the stored line
information is read out and input to D/A converter
stage 142.

Outputs of the D/A converters 140, 142 are supplied
to a high definition CRT drive system 146 for reproduc-
tion by a 1050 line CRT 148. It is presently contem-
plated that CRT 148 will be driven correspondingly to
the high resolution vidicon in camera source 12 of the
transmitting system 10. Namely, by use of a wobble
signal generator or the like, adjacent pairs of lines,
wherein each pair includes an odd and an even num-
bered line, are swept simultaneously across the CRT
face. Such an arrangement is disclosed in, for example,
the earlier mentioned U.S. Pat. No. 4,707,728.

Audio signals may be frequency modulated in a con-
ventional manner on one or both of the orthogonally
polarized television signals radiated by the transmitting
antennas 52, 56. Standard audio FM detector means in
one or both of the tuner/demodulator systems 110, 112
then provides the detected audio to an amplifier and
speaker system (not shown) associated with the receiv-
ing system 100.

Stereo sound can be realized by modulating, for ex-
ample, a Left plus Right audio signal on one of the
polarized transmitted signals, and a Left minus Right
audio signal on the orthogonally polarized transmitted
signal. When the demodulated audio signals are sup-
plied to stereo FM decoding circuitry provided at the
receiving system 100, separate Left and Right audio
signals are obtained for amplification and sounding.

While the foregoing description represents a pre-
ferred embodiment of the invention, it will be obvious
to those skilled in the art that various changes and modi-
fications may be made, without departing from the true
spirit and scope of the invention as pointed out in the
following claims.

What is claimed is:

1. A method of broadcasting high definition televi-
sion (HDTV) signals on a radio frequency carrier wave,
whereby the broadcast HDTYV signals are compatible
with television receivers that operate to reproduce stan-
dard definition images, and the broadcast HDTV sig-
nals are contained within a frequency band or channel
in the electromagnetic spectrum allocated for transmis-
sion of the standard definition images, comprising the
steps of:

generating an image to be broadcast with high defini-

tion source means capable of producing a high
definition image frame having a resolution of N
lines, wherein N is a positive number equal to about
twice the line resolution of a standard definition
television image frame, and wherein successive
lines n comprising the image frame are consecu-
tively numbered from n=1 to N;



